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1 PVS 

ADBVICBJORDEIBCTIONOPROADSURPAjCEPROPBRTY'DATAANDDISTiaBimON 

TOEREOF 

Hie pfesent invention relates to detection of mad suid5u:e properties, in particular 
5 <tetectionof\»ater, snow and ic^ by nieans of detector means 

vdiides. Hie detected prapoties ate aecoiding to die Invention transmitted fomi the 
vehiole, prefembly toged»er widi position data of ibe vehicle, to be used by drivers of 
other vehicles for wandng of slippery load conditionG ahead of the vdride. 

10 Backcsuxjnd 

Detectors detemiining the prq)eitie8 of a load 8WfiM» are weU ImoTO 
inchiding stationaiy detectors ananged along die roadside and above H» sorfiee, 

deteclore arranged beneath <he road surfece and detectors ariangBd on flie vehicles. 



15 



20 



A simple principle for confact-less ffleasimsment is dtsdosed in US 4^4,09] by 
Decker, in which a series of Kgjit poises is directed towards the road vaxfLe by a 
Kght emitter with a chopper wheel, and the intensity of die reflected light is measured 
with one iBceiver. The amplitude of the signal measured by Aerecerver indicates the 
presence or absence of ice on the road surfiice. 



Another principle is disclosed in US 4,690.553 by Fnkamizu et al., in which an 
itifiarcd light emitter directs a ray towards the road surfiwc, and two receivers aie 
ananged to measure die reflected light and the scattered light, respectively. Tbo ratio 
of the output fiom the two receivers provides information of the road surface 
25 properties. Utilisation of the reflection of infrared li^t to measure the road surface 
properties is also known fiom e.g. DE 2,712,199, EP 0,005,696 and DB 3,023,444. 

Other princ^lea mvolves the use of acoustic waves as disclosed in Japanese patent 
appUcation J? 03-110408 by Hhoshi and Masami, The use of microwaves is 
30 disolosed eg. in US 5,652,522 by Kates and Butter and in US 3.836,846 by Overall 
and deKonhig, the use of mictowaves in oombinotion with a laser Ugfat beam as 
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disclosed in Js^anese patent application JP 06-307838 by Takahani, the use of 
moltiple wavdengOi regions of infirated light is disclosed in US 5,218;206 and in US 
5^,853. 

5 All (be disclosed measineoient principles and oAer simibr {nincq>les may be utilised 
for flu device and the syston of tliB pi^eot invention. The di£G»eat airangemoits of 
tbo sensoiB have eadi tbaSr drawbadc Sensors amnged along the roadside and above 
the road surface have to be about 4.5 metos above to toad soi&ce to allow all types 
of vehicles to pass, and tibe air between the sensor and tfie road sux&ce will be 

10 contaminated with paiticlM nised from the load smftce by the passing vdbicles, in 
particular whoi the xoad sur&ce is wet or covoed with sled or snow, and Ae 
leBabiUty of flie souor is tbnefoie low under die weather conditions at yttdOi the 
warnings of slqipeqr suiftce eonditians are of inqiorfance. Sensots embedded in die 
road sui&ce and measoixng Haa pniperties fliereof torn bdtaw dnou^ a tnnspaient 

IS lid, suffix fiom contamination of die upper sur&ce of die lid and dsvelqmi^ of 
scratches, whidi rain die operation of die soisor. Sensors mounted on die vehicle 
measure ftom above close to die road suifeoe, but provide only infbmiatton ifbotit die 
road sutfeoe properties at die position of die vehicle, which often is too late fir die 
driver of the vehicle to take measures, in particular under changing properties of the 

20 road surfaces and daring wither conditions where cmly local areas of tfie road 
surfaces have slippery conditions. 

Thm, it is an object of die present invention to provide a devise for detenaining die 
properties of die road surface widi high reliability under die relevant weadier 
25 conditions and providing the relevant data to die drivers of die vehicles before diey 
enter die area where the propoties are deteimined. 

This otg'ect is achieved by die present invention by equipping vehicles witii road 
swfece sensor device for nunmting in a vehicle^ comprising detector means for 
30 contact-kss detection ofdiesuifiwe properties of the road sur&ce and providing an 
output acoordii^y as discussed above, where die. device fludier comprises 
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ttansmission means for receivixtg said output from the detector means and 
perfonning a wireless transmission of xoad sur&ce property data based thereon to a 
recover exterior to Ae vddcle. The receiver may e.g. be sitmlar devices in other 
vdiicles Or a oommon system that distribute the data to drivers of other vehicles by 
5 means of similar devices having a xecoiver^ by roadside visual oommuiuication 
devices and/or by radio broadcast, such as tbe Radio Data System - Traffic Message 
Channel (RDS-TMC). 

Witib fhis solution^ a system of a plmali^ of mobile sensors may be provided ^ch 
10 axe anai^ed veiy close to die part of tlie road sui&ce on which die vdncles drive, 
and diey may dteiefons detmnine the relevant properties of the road suxftcc fiom the 
most advantageous position. Tliese very reliable data are transmitted and received* so 
tiiat the system as a whole holds xeliable data f<^ at least a part of ibe road surfaces of 
an area and may distribute &ese data to the drivm of &e vehicles before di^ 
IS ttie area whm die data wexe determined. 

Odier advantages of die present invention, preferred embodiments and refinements 
thereof and the associated advantages are disclosed below. 

20 BRffiF DESCRIPTION OF THB INVENTION 

ITius, (he present Invention relates to a road sur&ce sensor device for mounting in a 
vehicle, comprising detector means having a radiation transmitter directed to ttic road 
surface and at least one receiver for receiving die radiation returned fiom the road 

25 sur&ce and providing an output accordix^y» and data processing means for 
processing the output from fhe at least one receiver to determine surface properties of 
die road and piovidmg an output accordingly, wherein die device comprises 
transmission means for receiving said output from the detector means and conducting 
a wirdess transmission of mad surface property data based thereon to a receiver 

30 exterior to the vehicle. 
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The ladiadou may, as dfecussed previously, be sonic « dedromagnetic or a 
<H»nbiiiatioa tiieiwo^ and it IB pre&ire^ 

Ae refiectiQn and scattering of infiarad tight is paitieuibrly sensitive to the 
ocomaiae of ice particles. Another prefem^ embodiment inclodra a plualiiy of 
5 lecdveis, such as a linear or two-dimensional CCD (Charge-Coq>led Device) 

camera or odier camoa device^ ii<diere flie pattern of flie oulimt fiom tiie te^ 
analysed. 

The transmitter inay be any type of xadb based transmitter, but it prefer 
10 public wireless data commnnication netwoik as the ones used for celhilar telephones 
and data tnmsmiBsion, such as the GSM (Global System &r Mobile 
CommunicatiQns) CH- CVRS (General Packet Radio Service). 

The device will, together with devices in one or more vehicles on the same road or in 
15 Ihe same area or stationaiy device oonatitote a netwoik for coUection and distribution 
of road surface property data, and the quality of the ouqiut fiom the netwoik will be 
improved for each extra participant It is also important to notice that the collection 
of data is continuous and that useful data are coUected ftom devices in vehicles that 
are moving slowly or are at a stand still, which is often the situation when the roads 
20 areslippeiy. 



B is pie&red that Ha device comprises position means for generattog position data 
for estinution of the cuiiem position of the device, and that the transmission means 
is Bitanged to transmit said position data. Thereby, the coupling of the road surface 

25 property data and the position data may be made immediately. Anoflier use of the 
position data is to filter data from other devices of the system to obtain data relevant 
to receive and display fm tte individual device^ Ibis filtering may take place locaUy 
in the device itself, which e.g. receives data fiom idl similar devices, or the filtering 
may be performed centrally based on position data received fiom the devices. 

30 FDrtfaetmofe, it is also ptefened Urn ibe thne of detennining the load smfiice 
(KOpecty data are generated and associated witii said data. 
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Hie position means tnay be one of a miniber of different known position dctetmining 
means, such as means fcr generating said position data fiom communication with a 
wireleBS data oommonication networic constituted by \ phvality of atationaiy 
tnmsceiver stations. Anoflier known position deteimining means comprises means 
for satelUtB based position estimation Sttoh as the GPS (Global Positioning System). 
Alternatively, tfie position may be deteimined by a system exterior to the device, e.g. 
based on triangnladon fiom a number of innsceiver stations of a wii^Iess data 
transmission netwodc. 



Tl» inmsmitted data torn ihc deWce mi^y be received and used in vaiions di»^ 
ways as discussed previously. However, it is preGared that the device comprises 
wireless receiver means and data output means &r receiving an Input fiom said 
receiver means and presenting an ou^ perceivable by ibs driva of flu> vehicle 
based thereon. The pcccivw means may receive data ftom otiier; similar devices or 
from a central, stationary transmitter that receives and transmits data fiom a phmiUly 
of such devices. Another advantage of racluding a wireless receiver means is tbat the 
device and the system may be employed to transmit information ftom e.g. die police 
authorities or the road authorities to the drivers of the vehicles, preferably in a 
20 particular area or driving towards a particular road section. The driver wiU also 
receive tiie relevant information from the network even if the device of die vehicle is 
out of otda- or too clogged witii dirt to function correcfly. 

The data output means may fhrtiier be arranged for receiving an mput fiom die 
25 detector means and presenting an output perceivable by the driver of the vdude 
based thereon. 



A ftidier feahire of the device is preferably that die ttansmission means of tiie device 
are adapted to transmit operational data of the vehicle^ such as indieation of an 
30 emergeni^ breaking, output fiom an antilock braking system (ABS) of die vehicle 
andfer the output fiom an aceelerometer of the vehide. The purpose is to provide 
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warnings to other drivers of (qieiational conditions that indicate eUppery conditions 
or emeisency sttuattons. A systimi fbr distributing data fiom the ABS or similar 
systems of the vehicles to other vehicles is disclosed in Japanese patent application 
JP 200H07041 by Yukio and Hiiosbi. and the disclosed system and many of the 
details thereof may be used as a supplement to the system of the present invention. 
However as the system of JP 2001-107041 only provides signals when a wheel of a 
vehicle actuaDy sfips relatively to the road surfiu», it camot leptece the system of the 
present invention, which provides data of the actual condition of tii© road sui&ce, 
reeaidless of wheOier the wheels of a vehicle have sUpped on the sui&ce ornot and 
also from vehicle movh^g slowly or are stopped, as often occurs during periods with 
slippery trad oonditians. 

The present invention relates finflietmore to the system comprishig a phnaliQf of 
devices as disclosed above, each mounted in a separate vdiiele, stationary receiver 
means for receiving wireless transmissions of road sut£u» prapetQr data fiom said 
devices, means for associating said road suifkce property data with position data, and 
means ibr distributing Ac received data. 

It is preferred that system conqwises position detetmination means for determining 
20 the position of each of said devices. The position data may be obtained fiom the 
individual devices or may be obtained fiom a central system, e.g. irom triangulation 
based on a number of transceiver stations of a wireless data transmission network. 
The triangulation may be perfbrnied fiom the devices in the vehicles or fiom fiie 
stadonaiy system. 



IS 



25 



30 



Ihe means fbr distributing the received data may preferably comprise wireless data 
transmission means &r transmitting the data to e.g. receivers in vehicles and/or to 
receiver in stationary si^s ananged along the roads. 

Tie means for distributhtg the received data may in one embodiment be adapted to 
distribute ^ assodated position data togedier with the lOad sur&ce property data 
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associated thereto, so Hiat the fOtering of the distributed data is perfonned at (he 
leeeiving parts. Hw means for distributing the received data may additionaUy or 
alternatively be adapted to distribute data dedicated to receiver means of individual 
ones of said devices in accoidance widi position data of said individual devices. 

Tl» systeiii may fiirthcr co^^lrise siationaiy detector means ananged d 
for contact-less detection of the surftce properties of Hie road sui&ce and providing 
an ompnt accordingly, the output befaig distributed by the distribution means 
similBiiy to flie tecdved ^ta. 

Hie means for distributiog flie received data comprises a pIwaHty of visual 
commuBicatifHi devices. i.e. signs ^ display means, aranged along roads for 
distributing information to the drives of vehicles on said xoads based on tbt received 
road sozfoce prope rty data. 



Tlie present invention forAer relates to a road sorfece detector means to be mounted 
on a vehicle for contact-less detection of the sur&ce properties of the road surfoce 
and providing an output accordingly, comprising a ladiation transmitter directed to 
the road sm&ce and at least one receiver for receiving the radiation returned fiom die 
road suifoce and providing an output accordingly, wherein the detector means 
comprises washing means for the transmitter and the at least one receiver for 
recurrently flushing thereof This detector means may be used with the device and 
Ae system disclosed previously. The purpose of the washing means is to improve the 
roUidHlrty of the detector by removing dirt that prevents the transmitter and the 
25 ««»i»erfo>m operating at optimal visual contact with the road surfece. Tie wash^ 
means my be actuated by a survefllance device that supervises the operation of the 
detector means. » is particularly prefoned that said washing means is connected to 
and operates coneutrendy with a windshield washer system of the vehicle. Thereby, 
die driver of tte vehicle fonctions as the surveUlance device, as the wuidshield wUl 
be unclear to an extent and at a ale that is paraUd to the same conditions for the 
detector means. ' 
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It is of importance to tbe cndibflhy and idiahility of tbe device that the output is 
provided siibsiaotiaUy constantly, anl it is mefoxed tfaat tlie device comprises a self- 
check eiicuit that ptovides an **Oa^of-onlet" outpnt if tin device is not operatiDg 
5 {Hopaly.Thecniq^migrbeusedtocmtixdtfiefqpantionofsepai^ 
finr fhuhing ttte transnitter and the at least one leeeiyer xecuzTCDtly. 

Fuithennore, the presot inventian rdates to a road surfioe detector means to be 
mounted on a vehicle fi»- contact-less Section of die sutfeee properties of die mad 

10 snr&oe and piovidins an ouQnit accordingly, comprising a radiatitm Hansmitter 
directed to fte road surface and at least one recdver for receiving tlie ladiatiQa 
wtamed firom the road surftce and providing an ou^ accoidin^y, whore at least 
one teceiver of the detector means oonqirises a shutln device fbr allowing atempoial 
access of radiation to fte receiver for a period of 1/10 to 1/50,000 seconds, 

15 preferably of 1/50 to 1/10,000 seconds. This detector m^uis may be used with the 
device, die system and the detector means disclosed previously. The purpose of 
providing die receiver wifli a shutter device is to eohance die sharpness of the 
reflection and/or the scattering received ftom the road when die vehicle moves at 
high velocity. A similar enhancement of die sharpness is not achieved by pulsmg die 

20 radiatiinitrBnsmitiarasicnowahiflieatt 



Brief OESCRiraON OF IIIB IXRAWINO 

An embodnnent of die preseitt invendon is disclosed m the accompanymg drawing 
25 for the purpose of exempliQpmg die present invenUon without diereby limiting die 
scope of the farvention and the protection oonfoned. 

Fig. 1 is a diagram of the system widi a device in a vehicle and a central, stationary 
pai^and 



30 



Fig. 2 shows a washii^ device. 
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Detailed description of an embodiment 



The system shown in Fig 1. comprises a device 1 for mounting in a vehicle, 
5 comprising a standard CPS device 2 used e.g. for a navigation system, a display imit 
3, which also may be used for other puiposes, e.g. for the navigation system, a radio 
4 for leoeiviQg TMC, and a standard moot device 5, communicating with the OPS 
device 2 and d» display unit 3 via a wifeless Bluetooth data connection 6. The 
standawi sensor device S may also be used at stationary roadside measurement 
0 stations 5% A ladlo transmitter 7 ofthe standard sensor device 5 communicates road 
suifece property data achieved fiom the toad suifece detector means 8, from the GPS 
device 2 and other possible soocees 9, such as the ABS, to the stationary part 10 of 
tile system. 



15 ThestationaiypartlOinchidesaceniralunitllthatteceivesdataftomthBdevicesl 
in vehicles, fiom stationaiy devices S' and fiom various souroes. 12, such as the 
poUce department and the meteorological institution piovidii^ wheOer forecasts. 
The data are distribiited io a phiiaKty of useis 13, such as roadside signs, radio 
receivers 4 hi vehicles, an Internet home page, etc. 



20 



25 



30 



Alternatives may be used for the different parts of the system as described 
previously. The GPS device 2 may be replaced by a position estimation system based 
on the radio transmitter 7 and triangolation ftom a phmdity of transceiver stations 
constituting a data communication system with which the radio transmitter 7 
communicates. Tbe triangulation may be perfomied from the device 1 or ftom the 
stationaiy part 10 of the system. Another alternative for estimating the position is to 
perform a shor^range radio communication between the device 1 and a pluraHty of 
Stationary stations arranged along the roadside, e.g. equipped with signs for 
provldmg alerts to the drives of flie passing vehicles of ice on the road surface ahead. 
This short-range oommunication may be used to communicate road sur&ce pmpetty 
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date to 111© statknury system and sinmltmemis provide mfoimation about the 
iwahioii of the vdiide Ac data were of>taio«d. 

The nwfio 4 wliid» is used to wcoive »ad surfece 
5 part 10 of fhfi system may be replaced by a ladio xeceiver, e.g. a mobile pbune 
device, wbich constantly Mcdves load property data transmitted either fimn other 
devices of other v^cles or fiom a stadonaiy system, and filter the data based on the 
position data indoded in the lecetved dala and vehicle positian data reoeivBd fiom 
the position estimation system of flie device. Altemativdy, ifae load surfice property 
10 data may be filtered at the stationaiy part 10 of liie system based on vebiole position 
data received ftom the device 1 and only the niBvant road smfaoe pxopetly data axe 
transmitted with a unique user identification to ifae device 1, vfliete a leeeiver filter 
the received data based on the user identification included In the received data. The 
received, relevant data is iben presented to the driver, preferably by means of the 
display unit 3 and/or an audio signal in case the road condition leqniies a warning to 
die driver. 



15 



A road swikce detector means 8 mounted on a vehicle for contact-less detection of 
die snr&ce properties of the road sur&ce and providing an output accordiagly is 

20 shown in Fig. 2. Tlje detector means 8 comprises a radiation iiansminer dimctcd to 
Ihe road sur&ce and at least one receiver for receiving the radiation returned fiom the 
road suifiice and providing an output accordingly. The detector means 8 comprises 
washing means 14 for die nansmitier and die at least one receiver for tecunently 
flushiiigftereoftcomprisingBY-hmnch 15 in tiie tube 16 connecting the pump of the 

25 windshield washer system of d» veiiicto and the nozdea Ibr distributing the cleaning 

liquid omo the windshield A second tabe 17 directs a part of tins liquid to a n^ 
1 8 that flushes the detector means 8 every time dw diiver of die vehicle actuates flie 
windshield washer syston. 



30 
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Patent CLAIMS 



1 . A road sui&ce sensor device ibr momtting in a vehicle, comprising 

detector nuMinshaviiigaiBdiatiodtiais^ 
least one receiver fer recdviiMS the nuliation rcto^ 

Pioviding aa oo^ut aceoidingly, ami data processing means for processing the 
ouqmt ftom the at lease one receiver to detennhie surfece properties of the road and 
providing an on^ accordingly, 
characteiised In Hhat 

the device comprises transmission means for receiving said ouqnrt fiom tte detector 
means and conducting a wireless transmission of road surfiu>o ptt^ data based 
theieon to a recdvor exterior to die vdiicle. 

2. A device according to claim 1, compdsiflLg 

position means for ^emtlng position data for estimation of the eonent 
position of die device 

Wherein the transmission means is ananged to transmit said positiondata. 

3. A device according to any of the preceding claims, comprising 
20 witness recdva means, and 

<tota omput means for receiving an input from the receiver means and 
presemuv an ou^m perceivable by the driver of the vehicle based diereon. 



A device accorfh^ to claim 3, tvherein the data ou^m means fu^^^ 

25 «»««ivin6anhqmtftomtodetectormeansandpresentinganoutputpereeivable 
by the driver of the vehicle based thereon 




5. A device according to c*nm 3 or 4. vrf«roln the receiver means is adapted t^ 
transmissions ofdatatom transmission means of 

30 device itself 
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6. A device aeooiding to toy «f the pfccediag dama, wherein the tanaiiiissian 
means ada]^ to transmit openrtional date 0 

7. A device accnding to any of flu> pwcedbg claims, cumprising washing means for 
5 *»»<»anainitlerandtheatle8stoneieodvBrtoteoiOTcntlyfh»shingth«^ 

8. A device according to claim 7, wherdn said washing means is conuected to and 
operates coscuneDdy with a windshidd washer system of Hie vehicle. 

10 9.AdeviceaccQrdingtoaayofthepiBcedingcIaiina,whBidnatleastOTeieeeiverof 
the detector means comprises a shutter device for allowing a tsmpocal access of 
radiation to the receiver for a period of l/lO to 1/50.000 seconds, preiiaably of 1/50 
to 1/10,000 seccmds. 

15 10. A system comprising 

a plntaKty of deivices accoiding to any of claims 1-9 each monnted in a 
separata vehicle, 

stationary receiver means for leeetving wireless tcansmissions of road saf£u» 
ptoperQr data fix>m said devices, 

means for associating said road sini^ee property data with position data, and 
means for distributing the received data. 

11. A 8}«tem according to diuni 10, comprising position determination means for 
determining the posidaii of each of said devices. 



20 



25 

12. A system according to claim 10 or 1 1, wherein the means for distributing the 
received data comprises wireless data transmission means. 

13. Asystem according to daim 10 or 11, wherein the means for distributing the 
30 «««ved data is adq»ted to distnT)iiieflieassocialed position daiatoge^ 

load snr&ce property data associated diaeto. 
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14. A system aceoidins to wy of claims 11.13, wherein the means for distributing 
the teceived data is adapted to distribute data dedicated to receiver means of 
individnal ones of said devices in aoooidance with position data of said individual 

5 devwes. 

15. A system according to any of daims 10-14. ftctber comprising atationaiy 
detector means for contact-less detection of the suifice properties of the load snt&ce 
and providing an on^ accoidmgly. the output being distributed by the distribution 
means similarly to die recdved data. 
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16. A system according to any of daims 10-15, wherein the means for distributing 
the received data comprises a phualily of visual commmiication devices aiianged 
along loads for distributing information to die drives of vehicles on said reads based 

15 on die received load sutfeccpropraiy data. 

17. A road sui&cc detector means to be mounted on a vehicle for contact-less 
detection of die surfece properties of fl,e load suifiice and providing an outpot 
accordingly, comprising a rediation transmitter directed to die road surface and at 

20 least one recdver for receiving die radiation returned fiom the read sorfoee and 
looviding an ou^ accordingly, 
eharacterisedinthat 

the detector means comprises washmg means for die transmitter and die at least one 
leceiver for recmrendy flushing dioeof 

25 

18. A detector means accotdh^ to chum 17, wherdn said washing means is 
comiected to and operates concurrendy widi a windshield washer system of die 
vehicle. 

30 19. A read smfoce detector means to be mounted on a vehicle for coniaeMess 
dBlection of the suxfece properties of die load sui&ce and providing an ontpnt 
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accoidingly. con^iising a nuliation tnmsmitter directed to (be road sor&ce and at 
least one reoeivH fer zeceiving the ndiation returned fiom tlie road sinface and 
tnoviding an ou^t accordingly, 
diaracieiised in fliat 

5 at least one lacehwofthe detector means conqoises a Shutter dew 

temporal access of xadiation to tbe receiver for a peiiod of 1/1 0 to 1/50^000 seconds, 
prefiaablyof 1/SDto 1/10.000 seconds. 
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Abstract 

A device and a system is disclosed for detectioa of load siuftoe properties, in 
particular detection of water, snow and ice^ t>y means of detector means mounted on 
individual vehicles. The detected properties are according to the invention 
transmitted finm the vehicle, pnfinbly together witibiposidon dab of the vehicle^ to 
be used by drivers of other vehicles for warning of slippery road conditions ahead of 
thevdnde. 



10 With this sohition, a system of a phuaKty of mobile seosots may be provided which 
are arranged very close to the part of the load suffice on which the vehicles dnve. 
and they may therefore determine the relevant properties of ihcioad surficefittm flie 
most advantageous position. These very reliable data aie ttaosmitiBd and received, so 

dmt the system asa whole holds reliable data ibr at leastapait of 4e road swfeccs of 
15 an aiw and may distribute these data to the diivas of Ibo vehicles before ihay enter 
the area wheie the data were deietmined. 
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